Introduction
Nearly half of all pregnancies in the USA are unintended, including 37% of the 4 million live births in the USA each year, with little progress made in the last 3 decades until very recently (Mosher et al., 2012; Zolna, 2014, 2016) . The lack of progress until recent years may be related to the fact that US contraceptive use has been dominated by three methods for decades: condoms for contraception in early sexual life, the oral contraceptive pill to space and female sterilization to stop childbearing (Mosher and Jones, 2010) . The first two methods have sizeable failure rates, precisely when women are at the peak of their fertile years (Kost et al., 2008) .
Long-acting reversible contraceptive (LARC) methods, including the intrauterine device (IUD) and the implant, represent the most costeffective reversible option to prevent unintended pregnancy (Trussell et al., 2015) . However, they have had limited traction in the USA. As recently as 2002, only 1.5% of women (and 1.8% among women at risk) in the USA used LARC methods (Mosher and Jones, 2010; Branum and Jones, 2015) .
LARC methods are increasingly seen as advantageous because they require no daily user compliance, and thereby improve method adherence, effectiveness and continuation (Grimes and Mishell, 2008; ACOG, 2009; Blumenthal et al., 2011; Winner et al., 2012) . For example, the Saint Louis Contraceptive Choice Project provided compelling evidence supporting LARC use; when cost and access barriers were removed, dramatic increases in LARC use and reductions in unintended pregnancy resulted (Winner et al., 2012) . If a marked increase in LARC use occurred nationwide, it is likely that the unintended pregnancy rate in the USA (50 per 1000 women aged 15-44 per year) would drop substantially, and there is very recent evidence that such declines may have begun in response to these increases in IUD use (Cleland et al., 2011; Finer and Zolna, 2016) .
While all LARCs promise high efficacy, in the USA, IUDs account for more than 90% of LARC use (Branum and Jones, 2015) . Therefore, the purpose of the paper is to focus on trends in the use of IUDs and to identify determinants of IUD use in 2011-2013. We discuss our results in light of recent trends in IUD use in two European countries, where IUD use has been popular for a long time. provides an opportunity to study trends over the last decade. For convenience in writing, we will refer to the 2011 -2013 data as '2012' because the interviews were centred in 2012. The NSFG is the national fertility survey of the USA; it has been conducted by the Centers for Disease Control and Prevention (CDC)'s National Center for Health Statistics (NCHS) in a comparable manner since 1973. The data collection procedures have been described in detail elsewhere (Groves et al., 2009) , but in summary, participants were sampled using area probability sampling of men and women 15 -44 years of age in the household population of the USA. First, large areas (counties and large cities) were randomly sampled, followed by neighbourhoods, and then households within these neighbourhoods. One eligible individual per household was randomly selected for participation. and women from racial/ ethnic minorities (Black and Hispanic women) were oversampled to provide more reliable statistics for those groups. The sample included 7643 women in 2002, and 5601 women in 2011 -2013. The female response rate was 80% in 2002 and 73% in 2011 (Groves et al., 2009 Lepkowski et al., 2013) .
Materials and Methods

Study design and sample
Participants responded to in-person interviews after giving written consent and parental consent for minors. The NSFG was originally approved by the NCHS/CDC and University of Michigan institutional review boards. This study, however, is based on the 2002 and 2011 -2013 NSFG public use data files, so further approval is not necessary.
Our analysis sample is limited to women who had ever had intercourse and were at risk of unintended pregnancy, i.e. women who had not had sexual intercourse in the last 3 months, women who were pregnant or trying to conceive and women who were sterile for non-contraceptive reasons were excluded from this analysis. These exclusions left us with 5181 women in the sample in 2002 and 3681 women in 2011 -2013.
Measures and analytic procedures
Our main outcome variable was current use of contraception defined as a seven category variable: (1) IUD; (2) female sterilization; (3) male sterilization; (4) the pill; (5) other methods with failure rates lower than the pill, including the injectable and the implant; (6) other methods with failure rates higher than the pill, including condom, withdrawal and spermicides; and (7) no use of contraception.
We considered the following standard life cycle and socioeconomic factors in our analysis: age, parity, marital and cohabiting status, race/ ethnicity, education, poverty level, labour force participation and religious affiliation. These variables have been found to be associated with contraceptive use in past analyses of US contraceptive patterns (e.g. Chandra et al., 2005; Mosher and Jones, 2010) . We examined women's past reproductive history, including parity, past history of unintended pregnancy, difficulty getting pregnant (both based on direct reports), as well as future pregnancy intentions, as IUDs have often been offered to parous women who have achieved their family size in other settings (Moreau et al., 2014) . We also considered number of partners in the last year and history of pelvic inflammatory disease (PID) as markers of sexually transmissible infection exposure which may deter physicians from offering IUDs, despite minimal preventable risk of PID following IUD insertion (Mohllajeea et al., 2006; Sufrin et al., 2012) . Finally, we explored the effect of previous discontinuation of a method for reasons of dissatisfaction, which has been found to be related to LARC use in a previous analysis (Kavanaugh et al., 2015) . Previous discontinuation for dissatisfaction was assessed by women's response to the following question 'Did you ever stop using a method because you were not satisfied with it in some way?' In addition, we included a measure of cognitive disability based on a question (now standard on federal surveys in the USA): 'Because of a physical, mental, or emotional condition, do you have serious difficulty concentrating, remembering or making decisions?' This variable, which we call 'difficulty making decisions', provides an opportunity to assess a respondent's ability to take control over their decisions.
We conducted bivariate analysis to explore patterns of contraceptive use by women's demographic characteristics and year of survey (Table I) and tested for differences in the use of IUD, use of the pill, use of sterilization and use of any effective method (hormonal methods, IUD or sterilization) over time by women's sociodemographic characteristics using x 2 tests.
We specifically considered three critical characteristics: parity, future fertility intentions and race/ethnicity, to explore the following questions (Table II) regression to identify the factors associated with IUD use in 2012 (Table III) . We focused on IUDs rather than on the broader category of long-acting reversible methods (LARCs), including IUDs and implants, because the use of implants remains rare in the USA (1.2%; Mosher and Jones, 2010; Branum and Jones, 2015) . We included all variables with a P-value of ,0.20 in the regression as well as education and poverty level, which have been found to be related to patterns of contraceptive use in the USA and other countries (Mosher and Jones, 2010; Moreau et al., 2014). We also included PID because previous studies indicate a reluctance on the part of providers to insert IUDs in women with PID due to the fear of infection (Harper et al., 2012) . All analyses were weighted to account for sampling procedure (cluster sampling and unequal probabilities of selection) and for non-response. We used Stata 'svy' commands to account for weights in the point estimates and variance estimation method (using linearized variance estimation). All analyses were performed using Stata version 13. Women at risk of an unintended pregnancy include women who are sexually active, not pregnant or trying to conceive, and who are not sterile for non-contraceptive reasons. Women who are sterilized for contraceptive reasons are considered in the group of women at risk.
Results
Trends in contraceptive use by demographic characteristics are presented in Table I . The percentage of women at risk of unintended pregnancy and using the IUD increased from 1.8% in 2002 to 9.5% in 2012 (P , 0.001). The increase in IUD use did not affect the proportion of women at risk of unintended pregnancy who were not using a method (unmet need), which remained stable at a level of 10% over the last decade (10.9% in 2002 versus 10.2% in 2012, P ¼ 0.38). The increase in IUD use did, however, affect the method mix. Specifically, the uptake of IUDs mostly substituted for the pill (which declined from 26.4% in 2002 to 22.0% in 2012, P ¼ 0.005) rather than sterilization (which only decreased by 2.3%, P ¼ 0.17). As a result, the use of highly effective methods (sterilization or IUD or implant) increased from 35.0 to 41.3% in the last decade (P ¼ 0.001).
The increase in IUD use was not evenly distributed (Tables I and II) . Uptake was most concentrated at ages 25 -29 (3.4% in 2002 to 13.3% in 2012) and 30 -34 (2.9 to 14.2%); at ages 30 -34, the proportion using the pill dropped from 28.4 to 17.4%.
Increases in IUD use were significant in each racial and ethnic group (all P-values ,0.01). The increases ranged from 5 to 9% points, with the highest use now among foreign-born Hispanic women (16.9%). We also found strong, significant increases in IUD use in all education groups (all P-values ,0.01).
The trends by parity are also noteworthy (Table I ). The proportion using the IUD increased significantly in each parity group, but the increase at parity 0 was smaller (4% point increase) than at parity 1 (10.6% points) or parity 2 or more (9.1% points). Nonetheless, the test of interaction was not significant (P ¼ 0.20). Table II shows a large and highly significant increase in IUD use among parous women who intended more children: the proportion using the IUD among this group increased from 4.2% in 2002 to 19.3% in 2012. In the same group, pill use dropped from 30.8 to 18.9%. Changes in IUD use among parous women who do not want more children were smaller (from 2.0 to 9.7%). In this latter group, change in IUD use was particularly modest among African American women but nonetheless significant (1.8% in 2002 and 5.3% in 2012, P ¼ 0.02). The increase in IUD use among parous women who wanted more children was strong and significant in each racial/ethnic group (all P-values ,0.01); the increase ranged from 10% points among US-born Hispanic women to 17% points among non-Hispanic white women. Table III reports the results of a logistic regression model performed among all women 'at risk of an unintended pregnancy', the same population used in Tables I and II. Column 1 of Table III shows the per cent using the IUD; Column 2 shows the unadjusted odds ratios; and Column 3 shows the odds ratios adjusted for all other variables in the table. IUD use was strongly related to women's reproductive life cycle. Compared with women aged 15-24, the odds of IUD use were lowest among women 35 and older. Compared with nulliparous women, the odds of IUD use were five times higher in parous women who wanted more children, and three times higher in parous women who did not want more children (P , 0.001). Overall, IUD use was marginally related to race/ethnicity after adjusting for parity and other factors (P ¼ 0.06), but the odds of IUD use were significantly lower among African Americans compared with non-Hispanic white women (adjusted odds ratio , P ¼ 0.04).
Similarly, workforce participation was not a significant predictor of IUD use overall (P ¼ 0.15), but the odds of using IUDs were lower among students compared with women who were employed (aOR ¼ 0.45, CI ¼ 0.22-0.89). Finally, the odds of using IUDs were about twice as high among women who had previously discontinued a birth control method because of dissatisfaction ). The independent effects of education, income, religious affiliation, history of PID and history of unintended pregnancy were all nonsignificant after adjusting for the other covariates. Results were unchanged when excluding non-users of contraception (results not shown). Likewise, the same factors remained significant in the multivariate analysis when restricting the analysis to contraceptive users who intended more children, with overall workforce participation becoming significantly related to IUD use (P , 0.01) (results not shown).
Discussion
This analysis of trends and correlates of IUD use in the USA over the last decade reveals a number of significant developments.
First, the proportion of women using highly effective methods (sterilization or LARC) has increased among all women of reproductive age, due to a substantial surge in IUD use and the continuing use of sterilization. The increases in IUD use are mostly concentrated among women 25 -34 years of age and among parous women who want more children. They are concurrent with a sharp decline in pill use in these groups. Finer and Zolna (2016) offer increases in IUD use as a partial explanation of the recent decline in unintended pregnancy rates in the USA.
Secondly, the IUD increase that occurred in the USA did not occur in either France or the UK, the only two comparable European countries for which we have data (The Reproductive Health Report, 2011; Moreau et al., 2013 Moreau et al., , 2014 Cea Soriano et al., 2014) . IUD use increased in the USA, but not in France (21.6% IUD use in 2000 and 20.6% in 2010). IUD use was nearly constant in the UK as well (based on data from the health Improvement Network: 8.7% in 2004 and 10% in 2010; Cea Soriano et al., 2014) . The unmet need (non-use among those at risk of unintended pregnancy) was higher in the USA (10%) than in France (3%).
Thirdly, IUDs appear to be used more for spacing in the USA than for ending childbearing. In Europe, IUDs are mostly used to stop childbearing (The Reproductive Health Report, 2011; Moreau et al., 2014) .
Fourthly, racial and ethnic differences remain in 2012, with the highest levels of IUD use observed among Hispanic women born abroad (16.9%). Increases in IUD use were small among African American women who had children and wanted no more, probably because the proportion of this group who has chosen sterilization is already so high. On the other hand, there was little overall variation across education and income (Kavanaugh et al., 2015) . Given the high upfront costs of IUDs in the USA, these findings attest to the importance of subsidized programmes, such as Title X and Medicaid, to make IUDs and other effective methods affordable to more women (Sonenstein, 2014) .
This study has both strengths and limitations. Its strengths include the use of large, nationally representative samples, selected using rigorous probability sampling, with response rates exceeding 70%. Data were collected using standardized procedures, by trained interviewers who used comparable questionnaires and conducted interviews in both English and Spanish. The questionnaire includes extensive questions on respondent's reproductive histories and current contraceptive use (Groves et al., 2009; Lepkowski et al., 2013) . At the same time, this study has several limitations: all information was self-reported; given the very low level of IUD usage in 2002, we were not able to explore differences in patterns of IUD use by women's sociodemographic characteristics over time. IUD use patterns provide information about accessibility to IUDs by sociodemographic characteristics, but need to be complemented with facility-based surveys to address the availability of the method, as well as to provide information on non-users (Mosher et al., 2015) to better identify accessibility and acceptability barriers.
In conclusion, this study shows promising trends in the use of highly effective contraceptive methods in the USA, mostly driven by a substantial uptake of IUDs. While the use of highly effective methods in the USA appears to be higher than in France and the UK, the higher proportion of women with unmet need (at risk but not using contraception) in the USA is likely to keep unintended pregnancy rates higher in the USA. Encouraging the uptake of IUDs and reducing unmet need could reduce social disparities in reproductive health outcomes in the USA.
